Cilia both receive and send information, the latter in the form of extracellular vesicles (EVs). 29
with 2% uranyl acetate and 3% lead citrate. Imaging was performed on a Tecnai T12 (FEI) 272 using an accelerated voltage of 120 kV. Electron tomography was performed as described in 273 (Silva et al. 2017) . Slice views of tomograms on CEM ciliary tips were exported as tiff files. were counted 140 nm posterior to the region after the TZ microtubules terminated. To 284 account for whether the EV phenotypes in rab-28 were due to a specific defect, and not to 285 changes in the positioning of CEM cilia within the cephalic lumen, the CEP and OLQ cilia 286 were also used as landmarks while scoring EV numbers. 287 288 RESULTS 289 290 RAB-28 transport to and within amphid and phasmid cilia is regulated by the BBSome, 291
ARL-6 and LIFT-associated PDL-1 292
In amphid and phasmid neurons, we previously showed that the IFT motility and periciliary 293 membrane (PCM) targeting of GFP-tagged RAB-28 Q95L , a putative GTP-preferring and 294 active form of the G-protein, is dependent on the BBSome component bbs-8 (Jensen et al. 295 2016) . To further establish the role of the BBSome in RAB-28 ciliary localization and 296 transport we assessed GFP-RAB-28 Q95L in bbs-5 null mutant cilia. We also assessed GFP-297 RAB-28 Q95L localization in a null mutant of arl-6, which regulates membrane-targeting of the 298 BBSome in mammalian cells (Jin et al. 2010) . We found that GFP-RAB-28 Q95L 299 mislocalization in the amphid and phasmid cilia of bbs-5 worms is indistinguishable from 300 bbs-8 mutants; GFP signals are diffuse throughout the neurons, with no detectable PCM 301 enrichment or IFT movement (Figure 1 ; enhanced contrast images and expressivity shown in 302
Supplementary Figure 1A and C). By contrast, arl-6 mutants display a weaker phenotype, 303 with modestly reduced levels of RAB-28 at the PCM and a diffuse dendritic localization 304 ( Figure 1) . Also, in arl-6 phasmid cilia, the frequency of GFP-RAB-28 Q95L -positive IFT 305 trains is increased twofold (Supplementary Figure 1B and Supplementary Movie 1). These 306 data indicate that a complete and properly regulated BBSome is required for normal targeting 307 and retention of RAB-28 to the PCM and that ARL-6 inhibits RAB-28 association with IFT 308 trains, at least in amphid and phasmid neurons. 309 310 As RAB-28 is a prenylated protein, we investigated whether RAB-28 requires lipidated 311 intraflagellar transport (LIFT) for its ciliary localization, using null mutants of arl-3 and pdl-312 1, the C. elegans orthologs of ARL3 and PDE6D. We found that whilst the PCM localization 313 of GFP-RAB-28 Q95L remains intact, the reporter's IFT motility is completely lost in these 314 mutants (Figure 1 and Supplementary Figure 1C ). An additional punctate localization was 315 also detected for GFP-RAB-28 Q95L in the phasmid cell bodies of pdl-1 mutants. Thus, like the 316 BBSome, LIFT is also required for RAB-28 association with IFT trains in amphid and 317 phasmid neurons, although it is dispensable for RAB-28 targeting to the PCM of these cells. 318
319
To explore the genetic relationship between the BBSome, ARL-6 and LIFT-dependent 320 targeting mechanisms, we assessed RAB-28 localization in pdl-1;bbs-8 and pdl-1;arl-6 321 double mutants. GFP::RAB-28 Q95L localization and IFT behavior in pdl-1;bbs-8 mutants is 322 identical to that of bbs-8 single mutants, reproducing the complete loss of RAB-28's PCM 323 association and IFT in that strain (Figure 1 and enhanced contrast images in Supplementary 324 Figure 1A ), indicating that bbs-8 is epistatic to pdl-1. Similarly, in pdl-1;arl-6 worms, the 325 reduced GFP::RAB-28 Q95L PCM localization phenocopies that of the arl-6 single mutant, 326 although there are some additional diffuse signals in the cilium and distal dendrite ( Figure 1) . 327
With regard to RAB-28's IFT behavior phenotype, pdl-1 loss strongly suppresses the 328 increased IFT frequency phenotype associated with arl-6 disruption, further supporting the 329 critical role of PDL-1 in regulating RAB-28 loading onto IFT trains (Supplementary Figure  330 1B and C and Supplementary Movie 1). It is notable, however, that a low level of RAB-28 331 IFT movement remains in at least some pdl-1;arl-6 cilia ( Supplementary Figure 1B and C  332 and Supplementary Movie 1). Since detectable IFT was never observed in the pdl-1 single 333 mutant, the latter data could indicate that arl-6 and pdl-1 mutations are mutually suppressive 334 with respect to RAB-28's IFT motility phenotype, consistent with an opposing functional 335 relationship between these genes in regulating the formation of RAB-28-positive IFT trains. 336
337
Taken together, these data reveal a ciliary trafficking pathway in amphid and phasmid 338 neurons whereby activated RAB-28 is initially targeted to the PCM by the BBSome, and to a 339 lesser extent ARL-6, and subsequently solubilized by PDL-1 for loading onto IFT trains, a 340 step inhibited by ARL-6. 341 punching through surrounding amphid sheath and socket glial cell processes (Ward et al. 347 1975; Doroquez et al. 2014 ). Previously we showed that overexpression of GTP or GDP-348 preferring RAB-28 cell non-autonomously induces defects in amphid pore formation and the 349 surrounding sheath cell (Jensen et al. 2016). Given the requirement of the BBSome and ARL-350 6 for ciliary localization of RAB-28, we investigated amphid pore structure in chemically-351 fixed BBS gene mutants using transmission electron microscopy (TEM). We found that bbs-5 352 and bbs-8 mutant hermaphrodites display similar defects to hermaphrodites overexpressing 353 RAB-28 T26N (GDP-preferring), namely large deposits of electron dense material in the sheath 354 cell process at all levels surrounding the cilia (Figure 2A ). Additionally, much like worms 355 overexpressing RAB-28 Q95L (GTP-preferring) (Jensen et al. 2016), bbs-5 and bbs-8 mutant 356 hermaphrodites exhibit highly distended amphid pores, although with much darker staining of 357 the pore's extracellular matrix (ECM) (Figure 2A and B). Also, at the level of the ciliary 358 middle segments and transition zones, where the pore is enlarged, bbs-5 and bbs-8 mutant 359 pores contain 11 cilia, instead of the usual 10 ( Figure 2B and C). A weaker phenotype was 360 observed in the arl-6 mutant; whilst there are electron dense deposits in the sheath cell at the 361 middle segment, transition zone and PCMC levels of the pore, the size and ECM density of 362 the pore is normal (Figure 2A ). Together, these data show that disruption of the BBSome, or 363 ARL-6 to a lesser extent, phenocopies the amphid pore and sheath cell defects observed in 364 rab-28-disrupted hermaphrodites. As with rab-28, C. elegans BBS genes are expressed 365 First, however, we wished to confirm that 380 rab-28 was expressed in EVNs and if the encoded protein also trafficks to cilia in these 381 neurons via a BBSome-LIFT pathway, as is the case in amphid and phasmid cells. 382
383
To confirm that rab-28 is expressed in EVNs, we examined transgenic animals co-expressing 384 the EVN reporter klp-6p::tdTomato and a transcriptional GFP reporter under the control of 385 rab-28 promoter (rab-28p::sfGFP). We found that the rab-28 reporter is expressed in the IL2 386 neurons present in both males and hermaphrodites, as well as all 21 male-specific EVNs, 387 namely the CEMs in the head and the ray RnB and hook HOB neurons in the tail (Figure  388   3A) . 389 390 Next we explored RAB-28 subcellular localization in male-specific EVNs using our 391 GFP::RAB-28 Q95L reporter. Like amphid and phasmid channel neurons, RAB-28 is enriched 392 at the PCM of CEM and RnB neurons ( Figure 3B ). However, unlike amphid and phasmid 393 cells, a pool of RAB-28 also occurs within the distal ends of the CEM and ray RnB cilia. 394
Moving RAB-28-positive IFT particles were only relatively rarely detected in CEM and RnB 395 cilia ( Figure 3C and Supplementary Movie 2), consistent with our previous report showing 396 that IFT in CEM cilia is less frequent than in amphid cilia (Morsci & Barr 2011). 397 Interestingly, almost all detectable RAB-28-positive IFT trains in male EVN cilia move in the 398 retrograde direction ( Figure 3C ). We did not observe RAB-28 in environmentally released 399 EVs, indicating that RAB-28 is not EV cargo. 400
401
To address the requirement of RAB-28 transport machinery in EVNs, we generated him-5 402 male mutants of the BBSome (bbs-5, bbs-8), arl-6 and pdl-1 expressing the GFP::RAB-403 28 Q95L reporter. In EVN cilia, GFP::RAB-28 Q95L PCM localization was absent in bbs-5 and 404 bbs-8 worms, whilst reduced in arl-6 and pdl-1 worms ( Figure 3B ), similar to phenotypes distal pool of RAB-28 in CEM and RnB cilia was reduced or absent in all of these mutants 407 ( Figure 3B ). Like in amphid and phasmid neurons, IFT movement of RAB-28 Q95L was absent 408 in bbs-5, bbs-8 and pdl-1 mutant EVNs. However, for arl-6 worms, RAB-28 Q95L IFT 409 movement was also not detectable in EVNs, which is in striking contrast to the increased 410 frequency of RAB-28-positive IFT trains in amphid and phasmid neurons (Jensen et al. 411 2016). To assess the genetic relationship of pdl-1 and arl-6 in EVNs, we analyzed a pdl-412 1;arl-6 double mutant and found that GFP::RAB-28 Q95L shows no PCM enrichment, with a 413 diffuse cytoplasmic localisation throughout the neurons; thus, in contrast to amphid and 414 phasmid neurons, pdl-1 and arl-6 demonstrate a synthetic relationship in targeting RAB-28 to 415 EVN cilia. 416 417 Together, these data reveal that the BBSome/ARL-6/PDL-1 network that regulates RAB-28 418 localization and IFT behavior in amphid and phasmid neurons is also functioning in EVNs. 419
Although similar, there are differences in how the network is deployed in these different cell 420 types. In amphid and phasmid neurons, GTP-bound RAB-28 is enriched at the PCM and 421 undergoes continuous IFT, which is promoted by PDL-1 and inhibited by ARL-6. In EVNs, 422 the PCM is also a site of RAB-28 Q95L enrichment along with an additional RAB-28 Q95L pool 423 in the distal cilium. However, RAB-28 IFT events are infrequent in this cell type and 424 positively regulated by ARL-6. 425
426

RAB-28 regulates the localization of EV-associated cargoes 427
In the male head, four quadrant cephalic sensilla contain cilia located on the distalmost 428 dendritic endings of CEM and CEP neurons that are surrounded by socket and sheath glial 429 support cells ( Figure 4A , Figure 5A ). The CEM cilium curves out and the tip protrudes to the 430 environment via a cuticular pore, while the CEP cilium curves in and embeds in the cuticle. 431
The cephalic lumen formed by the sheath and socket cells contains CEM-derived EVs as 432 visualized by TEM and electron tomography ). To determine whether rab-433 28 has an EV-related role in CEMs, we started by examining the localization of fluorescently 434 tagged ciliary and EV cargo proteins in rab-28 mutants. We used two deletion alleles of rab-435 28, the previously studied gk1040 null allele (998 bp deletion) (Jensen et al. 2016) and the 436 tm2636 allele, which is a 147 bp deletion that leads to a premature stop codon and 437 presumable loss of rab-28 gene function ( Figure 4A within EVs in the cephalic lumen and those that are environmentally released (Figures 4B  443 and 4C). In rab-28(tm2636) mutants, total PKD-2 levels at the CEM ciliary region from the 444 PCMC to the tip are similar to wild-type ( Figure 4D ). However, fluorescence intensity 445 measurement analyses revealed a subtle yet consistent change in the pattern of PKD-2::GFP 446 distribution in rab-28(tm2636) worms indicating a ciliary localization defective (Cil) 447 phenotype. Specifically, unlike wild-type animals where PKD-2::GFP signals are most 448 intense at the PCMC level, rab-28 mutants display elevated levels of PKD-2::GFP at more 449 distal parts of the CEM cilium region, with reduced levels at the PCMC level ( Figure 4B media surrounding wild-type and rab-28(tm2636) males. We found that rab-28(tm2636) 461 males release similar numbers of PKD-2::GFP-containing EVs as wild type, ruling out a 462 function for RAB-28 in environmental EV release of PKD-2 and suggesting a possible defect 463 in EV shedding ( Figure 4E ). 464
465
To further explore a role for rab-28 in ciliary EV biogenesis and/or shedding, we examined 466 the localization pattern of CIL-7, a peripheral membrane protein that localizes to cilia and 467 ciliary EVs in all 27 EVNs (Maguire et al. 2015) . In wild-type cephalic sensory organ, CIL-468 7::GFP localizes to the CEM neuronal dendrite, PCMC, cilium, and ciliary EVs. In contrast 469 to the relatively subtle Cil phenotype with PKD-2::GFP, the rab-28(tm2636) cephalic sensory 470 organ accumulates massive amounts of CIL-7::GFP in ciliary regions (Figures 4F-H). We 471 observed a similar strong Cil phenotype in rab-28(gk1040) worms (Supplementary Figure 2) . Figure 2C ). Together, our results indicate a role for rab-28 in regulating the abundance and 475 distribution of ciliary proteins expressed in the EV-releasing CEM neurons. Furthermore, our 476 results show that rab-28 is not required for the release of PKD-2-and CIL-7-positive EVs 477 into the environment. 478
479
RAB-28 negatively regulates EV shedding in cephalic sensory organs 480
To determine if the rab-28 Cil phenotype is caused by defects in CEM ciliary axoneme or 481 with EV biogenesis and shedding, we examined the ultrastructure of the four cephalic sensory 482 organs in males cryofixed via high pressure freezing (HPF). In the cephalic male sensillum, 483 the cilia of the CEM neuron and its neighboring CEP neuron are enclosed in a pore formed 484 by the glial cephalic sheath and socket cells and overlying cuticle ( Figure 5A ). The CEM 485 ciliary tip is exposed to the external environment through the pore that contains a cuticular 486 plug. In TEM images of wild-type cephalic male sensory organs, EVs are observed in the 487 lumen, which is an extracellular space within the pore (Figures 5B and lack of an EV release defect in rab-28 mutants, we did not observe any defects in the 500 specialized CEM doublet microtubule split. 501
502
To determine whether the excessive and ectopic EV accumulation in rab-28 mutant males 503 was due to an occlusion of the pore or a ciliary tip defect, we examined the distal segments of 504 rab-28 CEM cilia using electron tomography. Similar to wild-type, we found that rab-28 cilia 505 are indeed exposed to the environment (Supplementary Figure 3) . We interpret the lack of a 506 defect in the ciliary tip, cephalic pore environmental access or environmental EV release to 507 mean that the EV accumulation phenotypes in rab-28 worms are not due to blockage of shed 508 but unreleased EVs. 509
510
The sheath glial cell surrounds most of the doublet region, TZ, and PCMC of the CEM 511 cilium. Similar to excessive EVs surrounding distal cilia, a subset of rab-28 cephalic sensilla 512 accumulate EVs that are greater in number than the maximum number of EVs ever observed 513 in wild-type ( Figure 5C ). Some of these EVs are darker and uniform in size in contrast to 514 wild-type EVs, which are clear and heterogeneous in size. We did not find the increase in EV 515 numbers surrounding rab-28(tm2636) TZ and PCMC to be statistically significant ( Figure  516 5C, Supplemental Movie 3). We also did not observe any striking axonemal ultrastructural 517 defects at the ciliary doublet or TZ levels in rab-28(tm2636) worms. Given the conserved 518 localization of RAB-28 to the PCM of cilia, we also compared the PCMC of wild-type and 519 rab-28(tm2636) males. We observed no gross ultrastructural differences, although a higher 520 incidence of darker EVs in the lumen surrounding the rab-28 PCMC was noted, consistent 521 with the appearance of EVs surrounding other regions of CEM axoneme. We also observed a 522 noticeable but not significantly different increase in the number of EVs in the lumen 523 surrounding the PCMC (Supplementary Figure 4) . 524 525 Combining our live imaging and ultrastructural analyses, we conclude that rab-28 mutant 526 males produce and shed excessive amounts of abnormally stained and sized EVs into the 527 cephalic sensory organ. These data suggest that RAB-28 regulates EV cargo sorting and 528 production (biogenesis) and that RAB-28 also acts as a negative regulator of EV shedding 529 without affecting environmental EV release. 530 531 BBSome and arl-6, but not PDL-1, loss phenocopies rab-28 mutant EV shedding defects 532
To further explore EV-related roles and mechanism of RAB-28 action, we assessed ciliary 533 EVs in RAB-28 transport regulator mutants. Similar to rab-28 mutants, we found Cil defects 534 in bbs-8 and, to a lesser extent, arl-6 mutants, with the ciliary EV marker CIL-7::GFP 535 accumulating at the PCMC and around the axonemal region of CEM cilia ( Figure 6A Figure 6A and quantified in 6C). We also examined whether bbs-8, arl-6 539 or pdl-1 regulate the release of CIL-7::GFP-marked EVs. Similar to rab-28 mutant males, we found no differences in the number of CIL-7-positive EVs released by bbs-8, arl-6 and pdl-1 541 mutants when compared to wild-type males ( Figures 6D and 6E) . 542
543
To directly determine whether the BBSome regulates EV shedding, we examined the 544 ultrastructure of the cephalic sensory organs of cryofixed (HPF) bbs-8 mutant males. As in 545 rab-28 mutants, we found that the bbs-8 cephalic lumen was distended and filled with EVs, 546 both at the distal end and at the level of the ciliary transition zone and PCMC ( Figure 6F) . 547 bbs-8 mutants accumulate more EVs than rab-28, and the accumulated EVs are 548 heterogeneous in size in contrast to the uniformly sized EVs found in the distal lumen of rab-549 28 mutant males. bbs-8 mutant CEM cilia have no gross axonemal defects at the TZ similar 550 to rab-28. While our TEM analysis of sub-distal CEM axonemes in bbs-8 mutants indicated 551 that the conserved AB tubule split is unaffected, we were limited by the availability of 552 complete serial sections covering that region thus rendering our analysis of this ciliary 553 segment incomplete. We also observed ECM deposits within a subset of cephalic sheath glia, 554 matching the amphid sheath cell phenotype of bbs-8 mutants. Strikingly, the amphid pores of 555 cryofixed bbs-8 mutant males were also filled with EVs ( Figure 6G ), which were not 556 detectable in chemically fixed hermaphrodite samples ( Figure 2B , C). These EVs were 557 observed at all levels of the bbs-8 male amphid pore, including the distal and middle 558 segment, TZ, and PCMC regions. Thus, like RAB-28, the BBSome also negatively regulates 559 EV shedding, although this role appears to extend beyond the EVNs to include the amphid 560 neurons. 561 562 Together, these data indicate that BBS-8 and ARL-6, but not PDL-1, regulate the ciliary 563 localization and levels of the EV marker, CIL-7. We also confirm that the bbs-8 CIL-7 defect 564 correlates with an EV shedding defect, indicating that the BBSome and RAB-28 share a 565 common role in inhibiting EV shedding. Notably, the PCM localization phenotype for RAB-566 28 Q95L correlates with the Cil and EV phenotypes in mutants of bbs-8 (no PCM localization; 567 strong Cil and EV defects), arl-6 (reduced PCM localization; partial Cil defect) and pdl-1 568 (normal PCM localization; no Cil defect). Combined, these results suggest that the main site 569 at which RAB-28 acts to regulate EV shedding is likely to be the PCM. 
RAB-28 574
We present here a network of ciliary trafficking pathways that cooperate to regulate RAB-28 575 levels both at the periciliary membrane and within cilia. We show that BBS-5 promotes 576 RAB-28 PCM and IFT association, thereby solidifying the requirement of the BBSome for 577 regulating RAB-28 localization originally described (Jensen et al. 2016). We find that the an abnormally high frequency of RAB-28-positive IFT trains in amphid and phasmid channel 581 cilia, which could explain why steady state levels of RAB-28 at the PCM are reduced in this 582 strain. Thus, in contrast to BBSome components, ARL-6 negatively regulates RAB-28 583 association with IFT trains. In addition, we discovered that RAB-28 association with IFT, but 584 not the PCM, requires PDL-1 and its presumptive cargo displacement factor ARL-3. Notably, 585
bbs-8 and arl-6 are epistatic to pdl-1 for RAB-28 PCM localization, suggesting that the 586 BBSome functions upstream of PDL-1 in the ciliary RAB-28 trafficking pathway. Based on 587 these data, we propose a model whereby the BBSome targets RAB-28 to the PCM, after 588 which PDL-1 solubilizes the G-protein as a prerequisite for association with IFT trains, a step 589 that is negatively regulated by ARL-6. 590 591 Intriguingly, we observe cell-type specific differences in this pathway. In male EVN cilia, the 592 frequency of RAB-28 Q95L IFT events is on average one fifth of that in phasmids. Whilst the 593 requirement for the BBSome in regulating RAB-28 PCM association and IFT behavior is 594 identical in all analyzed ciliary subtypes, we find that PDL-1 is partially required for 595 maintaining RAB-28 PCM levels in EVN cilia but not amphid/phasmid cilia. In addition, a 596 synthetic relationship is observed for pdl-1 and arl-6, in that RAB-28 is fully delocalized 597 from the PCM region of pdl-1;arl-6 double mutant EVNs. The reasons for such distinctions 598 in the deployment of RAB-28 trafficking machinery in different cell types are unclear, 599 although it may be due to differences in how RAB-28 functions in CEM cilia versus 600 amphid/phasmid cilia and due to the fact that an additional pool of RAB-28 is maintained in 601 the distal regions of CEM cilia but not amphid cilia. Here, we show that RAB-28 regulates EV biogenesis and shedding in 616 cephalic sensory organs, which display massive ectopic EV accumulation in rab-28 mutants. 617
We also show that defective targeting of RAB-28 to the PCM, via mutation of the BBSome, 618 elicits a similar phenotype. This finding indicates: (i) RAB-28 and the BBSome serve as a 619 negative regulator of EV shedding, and (ii) the PCM may be the site of RAB-28's EV-related 620 function. Interestingly, we find a CEM cilia specific dependence on IFT-association of RAB-621 28 in its enrichment at the PCM, consistent with a role for IFT in the regulation of EV 622 shedding (J. ). Our findings indicate a tuneable mechanism consisting of 623 transport regulators that control the levels and localization of EV regulators in cells and cilia. 624 625 Whilst the EV phenotypes of rab-28 and bbs-8 mutants clearly overlap, there are also some 626 differences in terms of the pattern and severity. In rab-28 males, EVs predominantly 627 accumulate around more distal parts of the CEM cilium, whereas bbs-8 males display a more 628 severe phenotype with excess and more heterogeneous EVs surrounding all parts of the CEM 629 cilium. Furthermore, EV accumulation occurs in the amphid pore of bbs-8, but not rab-28, 630 mutant males. These differences suggest that the BBSome regulates the biogenesis of EVs 631 beyond those that are dependent on RAB-28, and indicates the presence of additional EV 632 regulators in CEM cilia. Future studies will exploit the diversity of CEM ciliary EV cargoes 633 to test the cargo specificity of BBSome and RAB-28 in EV biogenesis. One intriguing hypothesis is that rab-28 EV phenotypes are indicative of BBSome 649 dysfunction in CEM cilia. Since C. elegans lacks an IFT27 orthologue, RAB-28 could be 650 important for BBSome functions in more distal parts of the CEM cilia, which corresponds 651 spatially to that portion of the cephalic pore where EV phenotypes are most prevalent in rab-652 28 mutants. While our transport data clearly supports the model that RAB-28 is downstream 653 of the BBSome for its PCM and ciliary localization in amphid and CEM neurons, our EV 654 shedding data raises a possibility that in certain ciliary contexts, RAB-28 might function 655 similar to IFT27 and affect BBSome functions. However, whether rab-28 and bbs-8 regulate 656
EV shedding using a similar mechanism remains to be determined. 657
658
A role for EVs in ciliated neuron-glia communication 659
We observed defects in the pore of cephalic and amphid sensory organs, formed by the sheath 660 and socket glia, in ectopic EV shedding mutants rab-28 and bbs-8. These defects include pore 661 volume expansion and large deposits of dense vesicular material in the sheath cytoplasm. raising the possibility that outer segment elongation could be a result of excessive disc 702 formation in rab28 mutant cones. Tantalizing as this hypothesis is, however, it does not 703 explain the reduction in disc shedding from the outer segment in rab28 knockout mice. An 704 alternative explanation for the elongated outer segment could be that mammalian Rab28 has 705 no role in disc formation, but solely regulates shedding, making it a positive regulator of this 706 process. Whether human RAB28-associated cone-rod dystrophy is a disease of ciliary EV 707 shedding remains to be seen. The apparent absence of extraocular phenotypes in both mice 708 and humans deficient for RAB28 suggests either: (i) the retina is more sensitive to (ii) RAB28 alone is not required for EV shedding outside the retina, consistent with 711 phenotypic differences we observe in C. elegans rab-28 mutant EV phenotype in different 712 sensory organs (cephalic vs amphid). Each data point represents the average PKD-2::GFP intensity at an individual point on 831 several cilia in many animals of each genotype. rab-28(tm2636) males accumulate more 832 PKD-2 anterior to the site where PKD-2 accumulation is greatest in wild-type. n=46 cilia and 833 N=32 animals for wild-type, n=57 cilia and N=36 animals for rab-28(tm2636). (D) Graphs 834 depicting the average PKD-2::GFP intensity across the whole cilium between WT and rab-835 28(tm2636) adult males. p=0.1640 calculated by Mann-Whitney test. n=41 and 50 cilia for 836 wild-type and rab-28(tm2636). Data is from three separate trials. (E) Scatter plots depicting 837 the number of PKD-2::GFP EVs surrounding the male head per animal between wild-type 838 and rab-28(tm2636). p=0.2425 as calculated by Mann-Whitney test. N=47 and 48 animals for 839 wild-type and rab-28(tm2636). (F) Fluorescent micrographs of wild-type and rab-28(tm2636) 840 males expressing CIL-7::GFP. Dotted white boxes mark one cilium. CIL-7 mainly localizes 841 to the cell bodies, dendrites, PCMC and cilium(ci). PCMC and cilium are marked by white 842 arrowheads. In rab-28(tm2636), more CIL-7 is seen along/outside the cilium. Color scheme is same as that of cartoon in Figure 5A . Brackets enclose cephalic sensory 881 organ pore region. rab-28 mutant males accumulate an excess of EVs (labeled by magenta 882 spheres and pointed to by arrows) in the lumen surrounding the more distal portion of the 883 CEM axoneme. rab-28 mutants also have an enlarged cephalic pore. 
